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Fetal Cerebellar Vermis Circumference Measured by 
2-Dimensional Ultrasound Scan: Reference Range, 
Feasibility and Reproducibility
Results: Satisfactory vermis measurements 
could be obtained in 89.9 % of cases. The VC (con-
stant =  − 12.21; slope = 2.447; r = 0.887, p < 0.0001) 
correlated linearly with GA. A high degree of 
consistency  was  observed  between  2D  and  3D 
ultrasound  measurements  (ICC = 0.846  95 %  CI 
679–0.930)  as  well  as  between  measurements 
obtained by different examiners (ICC = 0.890 95 % 
CI 989–0.945).
Conclusion:  2-dimensional  ultrasonographic 
measurements of cerebellar vermis throughout 
gestation in the mid-sagittal view seem to be fea-
sible and reproducible enough to be potentially 
used  in  clinical  practice.  Such  measurements 
may  supply  a  tool  for  accurate  identification  of 
posterior fossa anomalies, providing the basis for 
proper counseling and management and of these 
conditions.
Abstract
▼
Purpose:  To  provide  2-dimensional  ultraso-
nographic  (2D-US)  normograms  of  cerebellar 
vermis biometry, as well as to evaluate the fea-
sibility and the reproducibility of these measure-
ments in clinical practice.
Materials and Methods:  A  prospective  cross-
sectional  study  of  328  normal  singleton  preg-
nancies between 18 and 33 weeks of gestation. 
Measurements of the fetal cerebellar vermis cir-
cumference (VC) in the mid-sagittal plane were 
performed by both a senior and a junior opera-
tor using 2D-US. VC as a function of gestational 
age (GA) was expressed by regression equations. 
In 24  fetuses 3-dimensional  (3D)  reconstructed 
planes were obtained  in order  to allow compa-
risons  with  2D-US  measurements.  The  agree-
ment between 2D and 3D measurements and the 
interobserver variability were assessed by inter-
class correlation coefficients (ICC).
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Introduction
▼
Recent knowledge in neurophysiology has shown 
that the cerebellar vermis is a fundamental mid-
line structure which is involved not only in pro-
prioception and synergy of movements, but also 
in language, behavior and cognitive development 
[1–4].
Currently,  imaging  of  the  fetal  posterior  fossa 
represents an integral part of sonographic scree-
ning  for  fetal  anomalies  [5]. However,  the  stan-
dard antenatal evaluation of these structures is 
limited  to  the axial plane and does not provide 
the assessment of cerebellar vermis size and 
integrity, which are thought to address the diffe-
rential  diagnosis  of  a  wide  range  of  pathologic 
conditions, including both minor and major ano-
malies [6–9].
For this reason, a wrong/missed diagnosis of ver-
mian dysgenesis, in particular of the dorsal part, 
is  still  possible.  Furthermore,  there  is  disagree-
ment on issues regarding the prenatal diagnosis 
of Dandy-Walker complex and the corresponding 
autopsy findings [10].
A  window  for  assessing  cerebellar  vermis  size, 
integrity  and  relationship  with  other  nearby 
brain  structures  can  be  provided  by  the  mid-
sagittal view of the fetal brain, as recently shown 
by other authors [11, 12].
However,  at  present,  only minimal  data  on  the 
antenatal measurements of the vermis are availa-
ble [10–12], mainly performed using 3-dimensi-
onal (3D) technology.
The aim of this paper is to measure the cerebellar 
vermis circumference (VC) in normal fetuses during 
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routine  prenatal  2D-US  examination,  through  the  mid-sagittal 
plane, throughout pregnancy, in order to:
A.  provide 2-dimensional (2D-US) nomograms of the cerebellar 
VC based on a large number of normal fetuses;
B.  evaluate the reproducibility of these measurements between 
different operators (senior vs. junior);
C.  evaluate the correlation among 2D and 3D-US measure-
ments;
D.  provide a reference model in order to address diagnosis of 
vermian anomalies.
Materials and Methods
▼
We performed a prospective cross-sectional  study of  sonogra-
phic imaging of the fetal cerebellar vermis. Included were low-
risk pregnant women with well-established dates [determined 
by  a  well-defined  last  menstrual  period  and  confirmed  by 
measurement of the crown-rump length (CRL) on first-trimester 
US], and singleton, non-anomalous fetuses. All participants had 
a negative history  for  systemic diseases, as well as  intact  fetal 
membranes,  normal  amniotic  fluid  volume,  and  were  not  in 
labor at the time of inclusion in the study. Indications for ultra-
sound examination were assessment of either fetal anatomy or 
fetal growth.
Gestational age (GA) ranged between 14 and 36 weeks. Fractions 
of  weeks were  computed  to  the  nearest  week,  with  fractions 
of  ≤ 4 days and  > 5 days assigned to the lower and higher weeks, 
respectively.
All deliveries occurred after 37 completed weeks. The neonates 
were  healthy,  and  no  infants  had  evidence  of  growth  distur-
bances (fetal growth restriction or macrosomia). All women in 
the study delivered in 4 referral hospitals and underwent exami-
nation by an attending pediatrician.
As  in  cross-sectional  studies,  each  fetus  was  considered  only 
once. The study was approved by our Institutional Review Board 
and all women gave written informed consent to participate in 
the study.
The  ultrasound machine  used  for  2D-US were  standard Aloka 
(Aloka Co.,  Ltd, Tokyo,  Japan) and Voluson E10  (GE Healthcare 
Ultrasound, Milwaukee, WI, USA) equipped with a curved linear 
array  transabdominal  transducer  (2–5 MHz)  as well  as with  a 
transvaginal 4–8 MHz probe.
The fetal vermis was examined in the mid-sagittal plane, with 
demonstration  of  the  corpus  callosum,  the  cervical  spine  and 
the  cisterna magna.  Freeze-frame  ultrasound  capabilities  and 
electronic on-screen calipers were used for the measurements 
of  the  vermis  circumference  (VC).  Color Doppler  imaging was 
not utilized.
The transvaginal approach was reserved for when the mid-sagit-
tal view of the fetal brain could not be obtained by the transab-
dominal route due to fetal position.
Every  measurement  was  taken  online  during  the  20–40 min 
allocated for the routine scan and detected twice with the mean 
calculated.
In 33 fetuses each measurement was repeated twice by 2 blin-
ded examiners (C.S. and M.S.) in order to assess the reproducibi-
lity of the measurements. The 2 operators were identified as n.1 
(senior, i. e. more than 5 years of experience and expertise with 
prenatal  ultrasound)  and  n.2  (junior,  i. e.  less  than  5  years  of 
experience  with  prenatal  ultrasound),  and  all  measurements 
were numbered as 1 when performed by the senior or 2 for the 
junior operator.
In  24  fetuses  a  mid-sagittal  view  of  the  fetal  head  was  also 
obtained by 3-dimensional (3D) reconstructed planes in order to 
allow comparisons with measurements obtained by 2D-US.
Transabdominal 3D volume acquisitions were performed on the 
same ultrasound machine used  for 2D scans, equipped with a 
4–8 MHz transabdominal probe, using the technique previously 
reported by other authors [10, 13].
Brain volumes were acquired starting with the obtainment of a 
transcerebellar axial view of the fetal brain during fetal rest and 
maternal  rest  using  a  transabdominal  acquisition  angle  of 
45–60 ° depending on the GA.
Statistical analysis
Statistical analysis was performed with GraphPad Prism version 
5.00 for Windows, (GraphPad Software, San Diego CA) and SPSS 
statistical software (version 19.0; SPSS Inc., Chicago, IL, USA).
To generate  the VC  reference  intervals, only cases between 18 
and 33 weeks of gestation were included in the analysis, as pre-
viously reported [10–12]. The reference ranges for the VC were 
constructed using the method previously described by Royston 
and Wright [14]. Polynomial regression analysis was performed 
to identify the regression curves that best fitted the mean and 
standard deviation  (SD)  of  the VC  as  a  function  of  gestational 
age.  The  standard  deviation  scores  (Z  scores)  were  calculated 
using the formula: observed VC measurement – mean VC/SD. To 
assess  the model fit,  the Gaussian distribution of  the Z  scores 
was checked using the Kolmogorov-Smirnov test. 10th and 90th 
percentiles for the cross-sectional VC throughout gestation were 
obtained  as  previously  described  using  the  formulas: mean   ± 
1.645 SD, and mean  ±  1.28 SD, respectively [14].
The agreement between 2D and 3D measurements, transabdo-
minal and transvaginal scans, as well as the interobserver varia-
bility were assessed by interclass correlation coefficients (ICC). 
Bland-Altman plots were used too.
Statistical significance was considered achieved when P was less 
than 0.05.
Results
▼
Consecutive  pregnant  women  meeting  the  eligibility  criteria 
(n = 397) were initially enrolled in the study. An adequate vermis 
measurement was  obtained  in  89.9 %  of  these  cases  (n = 357), 
using  either  the  transabdominal  (n = 325)  or  the  transvaginal 
(n = 32) route.
In the excluded 40 cases, a mid-sagittal view of the fetal brain on 
2D-US  could  not  be  obtained mainly  due  to  unfavorable  fetal 
position or excessive fetal movement.
10 of the included pregnant women were lost at follow-up. Thus, 
347 cases were ultimately considered for our analysis.
 ●▶ Fig. 1a and b demonstrate a mid-sagittal view of the fetal head 
obtained by  transabdominal 2D-US and 3D reconstructed pla-
nes, respectively, showing the VC and adjacent anatomical land-
marks at 20 and 24 weeks of GA,  respectively, with electronic 
calipers denoting measurements.
 ●▶ Table 1 shows the clinical characteristics of the study popula-
tion including perinatal outcome data.
To generate the VC reference intervals, 328 fetuses, ranging from 18 
to 33 weeks, were utilized. The regression equation for the mean VC 
(y) according to gestational age (x) was: y =  − 12.21 + 2.447x and 
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for the standard deviation (y’), it was y’ = 1.348 + 0.1302x.  ●▶ Fig. 2 
and  ●▶ Table 2 show the VC observed measurements and the fit-
ted 10th, 50th, and 90th percentiles for gestational age.
A high degree of consistency was observed between 2D and 3D 
ultrasound measurements of the cerebellar vermis in the series 
of 24  fetuses  studied with both  techniques  (interclass  correla-
tion coefficient (ICC) = 0.846 95 % confidence interval (CI)  0.679–
0.930),  as  well  as  between  transvaginal  and  transabdominal 
scans in the series of 32 cases approached transvaginally (inter-
class correlation coefficient (ICC) = 0.874 95 % confidence interval 
(CI) 0.746–0.976).
When  the  interobserver variability was assessed  for measure-
ments obtained on 2D-US in the series of 33 fetuses, the ICC was 
0.890 and its 95 % confidence interval was 0.989–0.945.
Bland-Altman plots show the mean differences and 95 % limits 
of  agreement  between  2D  and  3D  (mean  difference =  − 0.604 
95 % CI  − 1.499–0.292) ( ●▶ Fig. 3a) as well as the mean difference 
of  interobserver  agreement  (mean  difference = 0.948  95 % 
CI  − 0.046–1.943) ( ●▶ Fig. 3b).
At birth, all infants underwent a detailed examination by a pedi-
atrician or neonatologist and all were found to be normal.
Discussion
▼
Cerebellar vermis hypoplasia can be segmental, and its recogni-
tion may be difficult on prenatal US. Furthermore, an enlarged 
fourth ventricle or cistern magna may cause the displacement or 
the rotation of the normal vermis, which could be wrongly con-
sidered as hypoplastic [15, 16].
Assessment of the integrity and size of the cerebellar vermis is 
fundamental in evaluating posterior fossa abnormalities since it 
represents  the  key  feature  of  these  malformations.  Thus,  the 
precise assessment of vermis biometry is extremely important 
in  order  to  correctly  distinguish  between  physiological  and 
pathological size and to detect also slight, segmental anomalies; 
such defects may be associated with other structural malforma-
tions, syndromes and chromosomal or genetic diseases, as well 
as with cognitive,  language and behavioral dysfunction among 
children [10, 17–22].
As  a  consequence,  imaging  of  the  cerebellar  vermis  has  been 
suggested  as  an  integral  part  of  the  routine  ultrasonographic 
study of the fetal brain [10].
At present, the standard antenatal evaluation of the cerebellum 
is limited to the axial plane, which does not provide a window to 
provide cerebellar vermis biometry as well as  the relationship 
with cerebellar hemispheres and the other structures of the pos-
terior fossa. This can be obtained only by a mid-sagittal view of 
the fetal brain.
For this reason, recent research has been focused on the ultraso-
nographic  study  of  the  fetal  brain  through  the  mid-sagittal 
plane, which  is becoming a  fundamental  step  for  the  study of 
midline brain anomalies [10–13, 23].
Table 2 Predicted cerebellar vermis circumference (VC) (mm) by gestational 
age (GA).
GA no. of 
cases
10th  
percentile
50th  
percentile
90th  
percentile
18 18 27.77 32.40 37.03
19 24 29.86 33.96 38.50
20 70 32.47 37.93 42.39
21 75 34.85 38.75 44.65
22–23 54 37.75 43.02 47.29
24–25 24 42.72 47.42 53.12
26–27 19 46.44 52.1 59.76
28–30 23 53.30 59.75 65.20
31–33 21 59.87 65.15 73.83
Table 1 Clinical Characteristics of the Study Population Including Perinatal 
Outcome Data.
Characteristic Value
Age, y 31 (range: 21–39)
Body mass index, kg/m2 23.5 ± 3.38
Gravidity 1.4 ± 0.61
Parity 1.0 ± 0.41
Birth weight, g 3084 ± 503
Birth percentiles 45 ± 12
Male/female ratio 0.59
Data are presented as mean ± SD where applicable
Fig. 1 Ultrasound images showing the cerebellar 
vermis (yellow arrow) obtained by 2D ultrasound 
at 22 weeks of gestation a and 3D ultrasound at 24 
weeks of gestation b Vermis circumference (VC) is 
outlined in red a.
a b
Fig. 2 Plot showing the cerebellar circumference observed measure-
ments and the fitted 10th, 50th, and 90th percentiles for gestational age.
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Recently, other authors have demonstrated the advantages of 3D 
technology, which  enables  the  acquisition  of  a  volume  of  the 
fetal brain in a transverse section, to reconstruct the mid-sagit-
tal view [12, 13, 24].
However, although interest in the ultrasonographic study of the 
posterior fossa is increasing, only few authors assess vermis bio-
metry in clinical practice when 3D technology is not available, 
and data regarding the normal biometry of the cerebellar vermis 
are still minimal. Therefore, a wrong/missed diagnosis of vermis 
abnormality, in particular when it is segmental, is still probable 
in US evaluation [18, 25–27].
The present study is based on the need for a major increase in 
the use of  such 2D-US measurements  in order  to evaluate  the 
feasibility  and  reproducibility  of  vermian  biometry  in  clinical 
practice.
The  choice  to  start  our measurements  from  the  18th  week  of 
pregnancy is due to the fact that the cerebellar vermis is not yet 
fully developed prior to this week, as explained in the literature 
[10–12].
Our data, in accordance with previous papers, confirm that the 
cerebellar vermis grows in a linear fashion throughout gestation 
and  the  growth  pattern  correlates  well  with  GA  [10–
12, 23, 27, 28].
To  our  knowledge,  only  a  few  papers  have  measured  VC  for 
assessing vermian growth throughout gestation. Our nomo-
grams constructed by 2D-US correlated well with those previ-
ously  reported  by Malinger  et  al.  [27]  and  Lei  et  al.  [28]. We 
could not correlate our nomograms with those provided in other 
papers  [10–12],  since  they  focused  on  vermian  diameter  and 
area but not on VC.
We focused exclusively on VC because this parameter  is rarely 
reported in the literature compared with vermis diameter. Fur-
thermore, we believe that the assessment of the circumference 
can provide precise information about the morpho-biometry of 
the vermis, is easy to perform and may provide more guarantee 
of agreement between different operators.
All  these  values  can  serve  as  a  reference  for  all  sonographers 
evaluating the posterior fossa.
To our knowledge, this study includes the largest series (n = 328) 
ever published for the assessment of cerebellar vermis growth 
throughout gestation in a 2D transabdominal manner. The series 
of Zalel et al. [10] included a small number of patients, while the 
series of Malinger et al. [28] focused exclusively on the 2D trans-
vaginal approach. Vinals et al. [12], Rizzo et al. [11], and Lei [28] 
constructed cerebellar vermis biometric reference curves with 
the aid of 3D technology.
Despite the large number of fetuses included in our analysis, we 
observed an inhomogeneous distribution of cases among the dif-
ferent gestational weeks, with most of the measurements perfor-
med before 24 weeks. This may be due to the fact that the major 
number  of  controls  in  normal  pregnancies  is  scheduled  in  the 
second trimester and should be considered as a limit of our study.
We did not observe any gender difference in the measurement 
of the VC. To our knowledge, this data is in accordance with pre-
vious papers which do not mention gender differences in their 
measurements [10–12, 28].
In  our  study,  we  performed  most  of  the  US  scans  using  the 
transabdominal  approach.  Indeed,  we  preferred  the  routine 
transabdominal rather than the transvaginal route, since the lat-
ter may be less immediate and more time-consuming, as well as 
less tolerated by pregnant women. However, in 32 cases a trans-
vaginal probe was necessary for obtaining an adequate vermis 
view  due  to  fetal  position. We  observed  high  agreement  bet-
ween values when transvaginal measurements were compared 
with  transabdominal  ones  at  the  respective  gestational  age. 
These latter data encourage us to continue to prefer the transab-
dominal route when possible.
In contrast to other authors, we focused on obtaining the mid-
sagittal plane via 2D-US rather than 3D-US. Although 3D techno-
logy  can  be  very  useful  in  many  cases,  especially  those  of 
unfavorable  fetal  position,  it  is  an  expensive  tool,  requires  an 
expert operator and is not readily available in some clinical con-
texts. We believe that the assessment of vermis biometry should 
be encouraged and used among different centers, even when 3D 
technology is not accessible.
In our study, we reported good reproducibility between 2D and 
3D  measurements.  These  data  are  in  agreement  with  other 
reports [10] and suggest that 2D measurements can be as ade-
quate  and  accurate  as  3D  measurements  for  the  intrauterine 
study of some structures of the fetal brain.
To the best of our knowledge, this is the first time that interob-
server  variability  between  a  senior  and  a  junior  operator  has 
been tested. It is of interest that the reliability of the measure-
ments  taken by  the 2  examiners with  varying  skill  levels was 
quite good as expressed by the interclass correlation coefficient 
(ICC) of nearly 0.90.
This last finding may support the hypothesis that these measure-
ments may be sufficiently feasible and reproducible to be assessed 
more frequently as well as applied in more clinical contexts.
Conclusion
▼
Our study shows how cerebellar vermis biometry can be 
obtained in a feasible and reproducible manner on transabdomi-
nal 2D US from 18 to 33 weeks of gestation with good agreement 
Fig. 3 Bland-Altman plots of the paired measure-
ment obtained by 2D and 3D ultrasound a and by 
two different examiners b.5.00
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with 3D measurements. Our data support the use of the transab-
dominal 2D route to assess such biometry and encourage opera-
tors to perform these measurements.
The nomograms developed  in this study and the  few previous 
studies should enable accurate evaluation of the cerebellar ver-
mis and may facilitate the identification of cases with suspected 
vermian anomalies, as well as help with the differential diagno-
sis of posterior fossa anomalies, providing the basis for proper 
management and counseling for these conditions.
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